Developmental damage, increased lipid peroxidation, diminished cyclooxygenase-2 gene expression, and lowered prostaglandin E2 levels in rat embryos exposed to a diabetic environment.
Previous experimental studies suggest that diabetic embryopathy is associated with an excess of radical oxygen species (ROS), as well as with a disturbance of prostaglandin (PG) metabolism. We aimed to investigate the relationship between these pathways and used hyperglycemia in vitro (embryo culture for 24-48 h) and maternal diabetes in vivo to affect embryonic development. Subsequently, we assessed lipid peroxidation and gene expression of cyclooxygenase (COX)-1 and -2 and measured the concentration of prostaglandin E2 (PGE2) in embryos and membranes. Both hyperglycemia in vitro and maternal diabetes in vivo caused embryonic dysmorphogenesis and increased embryonic levels of 8-epi-PGF2alpha, an indicator of lipid peroxidation. Addition of N-acetylcysteine (NAC) to the culture medium normalized the morphology and 8-epi-PGF2alpha concentration of the embryos exposed to high glucose. Neither hyperglycemia nor diabetes altered COX-1 expression, but embryonic COX-2 expression was diminished on gestational day 10. The PGE2 concentration of day 10 embryos and membranes was decreased after exposure to high glucose in vitro or diabetes in vivo. In vitro addition of NAC to high glucose cultures largely rectified morphology and restored PGE2 concentration, but without normalizing the COX-2 expression in embryos and membranes. Hyperglycemia/diabetes-induced downregulation of embryonic COX-2 gene expression may be a primary event in diabetic embryopathy, leading to lowered PGE2 levels and dysmorphogenesis. Antioxidant treatment does not prevent the decrease in COX-2 mRNA levels but restores PGE2 concentrations, suggesting that diabetes-induced oxidative stress aggravates the loss of COX-2 activity. This may explain in part the antiteratogenic effect of antioxidant treatment.